UK Department of Health standards for the management of out-of-hospital thrombolysis require a call to thrombolysis time of 60 minutes or less, but suggest that administration of such treatment in the pre-hospital setting should be limited to cases where the journey time to hospital exceeds 30 minutes. This policy was set despite more than 50% of patients in an urban setting having a call to hospital door time of more than 30 minutes, rising to more than 80% in rural areas, and that all published evidence suggests symptom to treatment time is the critical interval. Maximum benefits are derived from thrombolytic agents if they are delivered early. Administration within 30 minutes of symptom onset can result in total abortion of a myocardial infarction, and each minutes delay to treatment is equivalent to an average of 11 days of life lost. Pre-hospital lysis within two hours of symptom onset results in a significantly lower incidence of cardiogenic shock than percutaneous coronary intervention within the same time frame, suggesting greater salvage of cardiac muscle. The available evidence suggests that pre-hospital thrombolysis is at least as safe as in-hospital administration, regardless of the qualifications and experience of the practitioner providing the treatment. All patients benefit from the shortest possible interval from symptom onset to recanalization: minutes do count. UK standards should be amended to reflect this evidence and to mandate the administration of thrombolytic agents to all eligible patients as soon as they are identified in the pre-hospital setting, regardless of distance to hospital.
There are a number of delays built in to the 999 call to hospital door interval (Box 1).
• 999 call processing
• Selection and activation of an ambulance
• Activation to mobilisation interval Each of these intervals can be affected by a number of factors. Response times are influenced by the availability of responders and their location, themselves influenced by the workload of the ambulance service at any given time of day or day of the week. Traffic and other hazards will offer varying levels of impedance to the progress of the responders, and cannot, therefore, be regulated. There may be a delay in accessing the patient on arrival of responders due to their location. In urban areas, the patient may be on the top floor of an apartment block, and the lift may or may not be working. In rural areas they may be at the end of an unmade road that requires a walk of some distance from the ambulance. The patient will require some urgent interventions before being moved to the ambulance. These include the administration of oxygen, nitrates, aspirin, and opiates with an antiemetic -the latter drugs requiring the insertion of an intravenous cannula. Failure to correct pain risks increasing infarct size due to circulating catecholamines. Serious arrhythmias may require correction before the patient is moved, and if the 12-lead ECG is not recorded in the patient's home it is likely that the ambulance will be required to be stationary to obtain a trace of sufficient diagnostic quality. Many patients retire to bed when they feel unwell, and this slows the removal of the patient from the house. Journey times to hospital are influenced by the same factors as response time. Excessively rapid transportation will result in increased patient anxiety, increased catecholamine levels, and increased infarct size, and this effect will be exacerbated by the use of lights and sirens. In addition, if telemetry of ECG is used to prealert the receiving hospital, the ambulance may need to stop at a location where there is adequate signal strength to transmit the data.
It can be argued that, particularly where urgent percutaneous coronary intervention (PCIinsertion of a stent) is unavailable, there is excellent evidence that thrombolytics should be administered in the pre-hospital phase of treatment in order to maximise patient benefit. Time is of the essence, and it is suggested that the NSF targets of a one-hour call to needle time should be regarded as a minimum level of achievement. The key to maximising benefit is minimising the time from the onset of major symptoms to administration of a thrombolytic. A one-hour call to treatment target ignores the considerable delays patients make in activating the emergency medical service. This delay in calling for help has been shown to be of the order of two hours. 1 A meta-analysis of 22 randomised trials that compared thrombolytic therapy with placebo or controls showed that administration within one hour of symptom onset resulted in 65 lives saved per 1000 patients treated, but that the degree of benefit tailed off appreciably thereafter. 2 A further meta-analysis 2 of these trials, but restricted to the relevant pre-hospital studies (including GREAT 3 , EMIP 4 , and MITI 5 and with additional data from five smaller pre-hospital studies 6 7 8 9 10 ), suggested an additional reduction in mortality at 35 days of 21 lives saved per 1000 patients, as a result of the further one hour saved on average (pain to thrombolysis time reduced from 3.1 to 2.1 hours). Using the same data, Rawles calculated that every minute of delay to thrombolytic therapy costs, on average, 11 days of life for patients treated in the first three hours following infarction. 11 A more recent meta-analysis of six randomised controlled trials examining pre-hospital thrombolysis concluded that there is a decrease of 2% in the absolute risk of death per hour of time saved to treatment, and that prehospital thrombolysis saved an average of 45 minutes. 12 Importantly, it has been shown that when reperfusion of an occluded coronary artery occurs within 15 to 30 minutes of the onset of symptoms, the prevention of any permanent damage to myocardium is possible. 13 Unless pre-hospital thrombolysis eventually becomes routine for all appropriate patients, regardless of their proximity to a hospital, this benefit will never be realised other than for the few patients that infarct in hospital. Safety issues are of considerable importance when considering the feasibility of pre-hospital thrombolysis. The MITI study, however, showed no increased risk of adverse events following pre-hospital administration of thrombolytic agents when compared to in-hospital therapy. 5 This finding was confirmed by the meta-analysis of pre-hospital thrombolysis trials. 12 The evidence concerning the relative value of early (pre-hospital) thrombolysis and PCI remains unclear. The Comparison of Angioplasty and Prehospital Thrombolysis In acute Myocardial infarction (CAPTIM) trial reported a strong (but not statistically significant) trend towards lower 30-day mortality in those patients randomised to receive pre-hospital thrombolysis within two hours of the onset of symptoms (2.2% versus 5.7%, P=0.058) but there was no between-groups difference in those entered into the study after an interval of greater than two hours. It also identified a significant reduction in the incidence of cardiogenic shock in those patients administered pre-hospital thrombolytics within two hours of symptom onset (1.3% versus 5.3%, P=0.032) but this relative benefit did not occur if treatment was delayed. 14 It has been suggested that combining early pre-hospital thrombolysis with PCI may result in the greatest reduction in mortality, 15 although evidence also exists to suggest that pre-hospital thrombolysis delivered within 3.5 hours is associated with a lower incidence of in-hospital death and a greater one year survival rate compared with in-hospital fibrinolysis and PCI. 16 Approximately 10% of 999 calls are to patients with chest pain, and a number are referred via a General Practitioner. 27% of patients with an initial presentation of chest pain at the time of a 999 call for assistance will have suffered a myocardial infarction (Woollard M, Elwood P. Unpublished data). Of these, approximately half will ultimately be treated with thrombolytic drugs, and just under half of these of these may meet criteria for pre-hospital treatment. A delay of thirty minutes, inherent in any protocol that unnecessarily postpones drug administration until arrival at hospital, could cost each of these patients a year of life. It implies that all victims of out-of-hospital MI will suffer irreversible myocardial damage that may, in some patient, otherwise have been prevented. It is likely that some patients will consequently have a substantially reduced quality of life due to heart failure and this in turn has inevitable and considerable cost consequences for the NHS.
Conclusion
It is now an uncontested fact that the interval from onset of symptoms to recanalization of a coronary artery is a critical factor in predicting mortality and morbidity following myocardial infarction. Minutes really do count. The earlier reperfusion is facilitated, the greater the benefit, and if this can be initiated in less than 30 minutes some MIs can be aborted completely. For each patient presenting within three hours of the onset of symptoms, a delay of even thirty minutes could cost a year of life on average. There are a large number of factors that negatively influence call-to-door, and therefore call to in-hospital thrombolysis times. Even in an urban area, this delay exceeds 30 minutes in more than half of chest pain patients for whom a 999 call is made. And even when a facility offering emergent PCI is readily available, pre-hospital thrombolysis may offer a greater reduction in mortality and morbidity if administered within two to three hours. Perhaps it is time to amend the UK's targets for time to thrombolysis to reflect all of this the evidence and that symptom to pain time, not call to door time, is the critical interval. Relying on the latter can only result in poorer outcomes for patients.
